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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a liquid crystal display device in which alignment disorder 
does not have an influence on display and display quality is hardly decreased even when 
alignment directions of liquid crystal molecules are controlled so as to be different from one 
another in pixels. 

SOLUTION: In the liquid crystal display device 1, circularly polarized light passed through a X/4 
plate 23a is made incident to a liquid crystal layer 21 exhibiting radial tilt alignment in which the 
alignment direction changes continuously when voltage is applied. As a result, the liquid crystal 
molecules can contribute to the display as far as the alignment direction and the visual angle of 
the liquid crystal molecules are not coincident with each other not only about an in-plane 
component but also about a substrate normal component even if the alignment state of the liquid 
crystal molecules is disordered. Thus as a result of using the liquid crystal layer in which the 
alignment directions of the liquid crystal molecules are controlled so as to be different from one 
another in the pixel for securing a wide visual field angle, the liquid crystal display device 1 
having high display quality without roughness can be realized, even though not only the edge 
region of a pixel electrode but also the boundary region of domains exist 



nnrirnnrf 
ilililili 



LEGAL STATUS 

[Date of request for examination] 1 2.07.2002 

[Date of sending the examiner's decision of rejection] 1 9.08.2003 

[Kind of final disposal of application other than the examiner's decision of 
rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 2003-1831 3 

[Date of requesting appeal against examiner's decision of rejection] 18.09.2003 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go jp/PAl /result/detail/main/wAAASOaOf JD A41 3343653P2.htm 



2005/08/31 



ENGLISH TRANSLATION OF JP 2001-343653 A 



CLAIMS 

1. A liquid crystal display device comprising: 

a first substrate on which pixel electrodes corresponding to pixels are installed; 

a second substrate on which a counter electrode is installed; 

a liquid crystal layer formed between said substrates, wherein the alignment 
directions of liquid crystal molecules are controlled so as to be different from each other in 
a pixel, when a voltage of a predetermined value is applied between said pixel electrodes 
and counter electrode; 

an analyzer installed on the outgoing light side of said liquid crystal layer; 

a circularly polarizing means to set the incident light to said liquid crystal layer 
to an approximately circularly-polarized state; and 

a first retardation layer installed between said liquid crystal layer and analyzer, 
wherein the retardation in the in-plane direction is set to be a wavelength that is 
approximately 1/4 times that of the transmitted fight. 

2. A liquid crystal display device comprising: 

a first substrate on which pixel electrodes corresponding to pixels are installed; 

a second substrate on which a counter electrode is installed; 

a liquid crystal layer formed between said substrates, wherein the alignment 
directions of liquid crystal molecules change continuously in a radially tilting alignment, 
when a voltage of a predetermined value is applied between said pixel electrodes and 
counter electrode; 

an analyzer installed on the outgoing fight side of said liquid crystal layer; 

a circularly polarizing means to set the incident light to said liquid crystal layer 
to an approximately circularly-polarized state; and 

a first retardation layer installed between said liquid crystal layer and analyzer, 
wherein the retardation in the in-plane direction is set to be a wavelength that is 
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approximately 1/4 times that of the transmitted light. 

3. A liquid crystal display device comprising: 

a first substrate on which pixel electrodes corresponding to pixels are installed; 

a second substrate on which a counter electrode is installed; 

a liquid crystal layer formed between said substrates, wherein the alignment 
directions of liquid crystal molecules are in a multi-domain alignment mode, when a 
voltage of a predetermined value is applied between said pixel electrodes and counter 
electrode; 

an analyzer installed on the outgoing light side of said liquid crystal layer; 

a circularly polarizing means to set the incident light to said liquid crystal layer 
to an approximately circularly-polarized state; and 

a first retardation layer installed between said liquid crystal layer and analyzer, 
wherein the retardation in the in-plane direction is set to be a wavelength that is 
approximately 1/4 times that of the transmitted light. 

4. A liquid crystal display device according to claim 1, 2 or 3, wherein^ 
said circularly polarizing means sets a 550 nm wavelength light to an 

approximately circularly-polarized state; and 

said first retardation layer has its retardation in the in-plane direction set to be 
approximately 1/4 times 550 nm. 

5. A liquid crystal display device according to claim 4, wherein said 
retardation is set to be not less than 95 nm and not more than 175 nm. 

6. A liquid crystal display device according to claim 1, 2 , 3, 4 or 5, wherein 
said circularly polarizing means is a selective reflection layer that is installed on the light 
incident side of said liquid crystal layer, transmits a circularly-polarized light of a 
predetermined optical rotation direction, and reflects a circularly-polarized light of the 
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opposite optical rotation direction. 



7. A liquid crystal display device according to claim 1, 2, 3, 4 or 5, wherein 
said circularly polarizing means is equipped with: 

a polarizer installed on the incident light side of the liquid crystal layer; and 
a second retardation layer installed between said polarizer and liquid crystal 

layer, wherein the retardation in the in-plane direction is set to be a wavelength that is 

approximately 1/4 times that of the transmitted light. 

8. A liquid crystal display device according to claim 7, wherein: 

said analyzer is installed on one side of said liquid crystal layer, and said 
polarizer is installed on the other side; and 

said analyzer, polarizer, as well as said first and second retardation layers are 
disposed so that the transmission axis of said analyzer is at 45° from the phase delay axis 
of the first retardation layer; and 

the transmission axis of said polarizer is at 45° from the phase delay axis of the 
second retardation layer. 

9- A liquid crystal display device according to claim 7, wherein: 

said analyzer is installed on one side of said liquid crystal layer, and said 
polarizer is installed on the other side; 

said first and second retardation layers are disposed so that one of the phase 
delay axes is perpendicular to the other; and 

said analyzer and polarizer are disposed so that one of the transmission axes is 
perpendicular to the other. 

10. A liquid crystal display device according to claim 1, 2, 3, 4, 5, 6, 7, 8 or 9 
comprising a viewing angle compensation layer installed between layers from said 
analyzer to polarizer, wherein the refractive index anisotropy is set so that a phase 
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difference provided by said liquid crystal layer that changes depending on the tilting angle 
between the direction normal to said first substrate and the viewing angle is cancelled out. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD OF THE INVENTION] 

The present invention relates, for example, to a liquid crystal display device 
wherein the alignment directions of liquid crystal molecules are controlled to be different 
from each other in a pixel in a way such as a radial tilting alignment or multi-domain 
alignment, and particularly to a liquid crystal display device having improved display 
qualities with restrained rough appearance due to alignment disorder, etc. 
[0002] 

[CONVENTIONAL TECHNOLOGIES] 

Liquid crystal display devices used as display screens for note personal 
computers and word processors, for example, have a narrower viewing angle, and their 
display qualities tend to be inferior when viewed diagonally, compared with those of CRT, 
etc., due to the optical anisotropy of the liquid crystal used. Accordingly, Japanese 
Unexamined Patent Application Publication Nos. Hll-258605 and H11 109391, for 
example, propose a so-called multi-domain alignment mode in which multiple domains are 
formed regarding the alignment directions of liquid crystals. 
[0003] 

A multi-domain structure in a vertical-alignment mode, liquid crystal display 
device using a vertical alignment film and a liquid crystal having a negative dielectric 
anisotropy will be explained as an example of a multi-domain alignment mode liquid 
crystal display device. In this structure, the liquid crystal molecules are aligned 
vertically when no voltage is applied. When a linearly-polarized light comes into the 
liquid crystal layer in this state from the polarizing plate, the linearly-polarized light with 
its polarizing state retained goes out, and is absorbed in a polarizing plate installed on the 
opposite side of the liquid crystal layer, since the liquid crystal layer has little 
birefringence anisotropy. As a result, the liquid crystal display device can express a black 
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display. 
[0004] 

To the contrary, when a voltage is applied, the liquid crystal molecules M in the 
liquid crystal layer 121c of a liquid crystal display device 101 tilt depending on the applied 
voltage, as shown Fig. 18. To be noted is that this figure shows a radially tilting 
alignment in which the alignment directions of the liquid crystal molecules M change 
continuously, and the alignment directions of the liquid crystal molecules M in one 
domain A101 and the other domain A102 are different from each other, with a center axis 
A of the radial tilting in their center, even though they are in the same pixel. When a 
linearly-polarized light comes into the liquid crystal layer 121c in this state from the 
polarizing plate 122a, the liquid crystal layer 121c can provide a phase difference to the 
transmitted light so as to change the polarizing state of the transmitted light. 
Accordingly, the outgoing light from the liquid crystal cell 121 generally changes into an 
elliptically-polarized light. 
[0005] 

When the elliptically-polarized light comes into a polarizing plate 122b disposed 
on the outgoing light side of the liquid crystal cell 121, an amount of light is transmitted, 
depending on the phase difference provided by the liquid crystal layer 121c, which is 
different from the case in which no voltage is applied. Accordingly, it is possible to 
change the amount of outgoing light of the liquid crystal display device 101 by controlling 
the voltage applied to the liquid crystal layer 121c to adjust the alignment directions of the 
liquid crystal molecules M. 
[0006] 

Hereupon, since the liquid crystal display device 101 has liquid crystal molecules 
M with alignment directions different from each other in a pixel, although the amount of 
outgoing light transmitted through some liquid crystal molecules M may be decreased by 
viewing diagonally, there should exist some other liquid crystal molecules M having 
alignment directions different from that of the above liquid crystal molecules M which will 
increase the amount of outgoing light. As a result, domains with liquid crystal molecules 
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M having different alignment directions compensate each other optically, and improve the 

display qualities and enlarge the viewing angle when diagonally viewed. 

[0007] 

[PROBLEMS TO BE SOLVED BY THE PRESENT INVENTION] 

However, alignment disorder tends to occur when it is tried to control the 
alignment directions in a pixel separately, as in the case of the liquid crystal display 
device 101 with the above -described structure. Thus, alignment disorder will occur, for 
example, even by small factors from the source signal lines, gate signal lines, and other 
external electric fields which do no cause problems in the case with a single alignment 
direction. When there occur locations darkened by the alignment disorder, rough 
appearance will be observed on the display due to the difference in the alignment disorder 
from location to location or from pixel to pixel, and the display qualities will be degraded. 
[0008] 

Also, when the alignment directions are controlled to be different from each other, 
as compared with the case of a single alignment, there are necessarily directions in which 
light extinction occurs, when two polarizing plates are used, as shown in Fig. 19. 
Accordingly, the overall pixel brightness will be decreased, when compared with a case in 
which the designed transmittance is retained in all the locations. As a result, the light 
utilization efficiency (effective aperture ratio) of the liquid crystal display device will be 
decreased. 
[0009] 

The resolution and half-tone numbers of liquid crystal display devices are being 
improved year by year, and accordinly, liquid crystal display devices that can display with 
larger half-tone numbers in a smaller area in one pixel are needed. However, when the 
effective aperture ratio is decreased due to the above alignment disorder, the brightness in 
white display is decreased, making the improvement in the half-tone number difficult. 
Here, it is to be noted that while the brightness can be improved by enlarging the pixel 
area, it entails a problem of difficulty in improving the resolution. 
[0010] 
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The present invention is achieved in view of the above-described problems. The 
object is to realize a liquid crystal display device in which alignment disorder does not 
affect the display, and the display qualities are hard to be degraded, even when the 
alignment directions of the liquid crystal molecules are controlled to be different from each 
other in a pixel. 
[0011] 

[MEANS TO SOLVE THE PROBLEMS] 

To solve the above-described problems, a liquid crystal display device according 
to the present invention comprises a first substrate on which pixel electrodes 
corresponding to pixels are installed; a second substrate on which a counter electrode is 
installed; a liquid crystal layer formed between said substrates, wherein the alignment 
directions of liquid crystal molecules are controlled so as to be different from each other in 
a pixel, when a voltage of an at least predetermined value is applied between said pixel 
electrodes and counter electrode; an analyzer installed on the outgoing light side of said 
liquid crystal layer; a circularly polarizing means to set the incident light to said liquid 
crystal layer to an approximately circularly-polarized state; and a first retardation layer 
installed between said liquid crystal layer and analyzer, wherein the retardation in the in- 
plane direction is set to be a wavelength that is approximately 1/4 times that of the 
transmitted light. 
[0012] 

Furthermore, to solve the above-described problems, another liquid crystal 
display device according to the present invention comprises a first substrate on which 
pixel electrodes corresponding to pixels are installed; a second substrate on which a 
counter electrode is installed; a liquid crystal layer formed between said substrates, 
wherein the alignment directions of liquid crystal molecules change continuously in a 
radially tilting alignment, when a voltage of an at least predetermined value is applied 
between said pixel electrodes and counter electrode; an analyzer installed on the 
outgoing light side of said liquid crystal layer; a circularly polarizing means to set the 
incident light to said liquid crystal layer to an approximately circularly -polarized state; 
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and a first retardation layer installed between said liquid crystal layer and analyzer, 
wherein the retardation in the in-plane direction is set to be a wavelength that is 
approximately 1/4 times that of the transmitted light. 
[0013] 

Furthermore, to solve the above-described problems, still another liquid crystal 
display device according to the present invention comprises a multi-domain alignment 
liquid crystal layer, an analyzer installed on the outgoing light side of the liquid crystal 
layer, a circularly polarizing means to set the incident light to said liquid crystal layer to 
an approximately circularly-polarized state; and a first retardation layer installed between 
said liquid crystal layer and analyzer, wherein the retardation in the in-plane direction is 
set to be a wavelength that is approximately 1/4 times that of the transmitted light. 
[0014] 

Here, a liquid crystal display device with any of the above-described respective 
structures may be a transmission-type liquid crystal display device in which the incident 
light side and outgoing fight side are opposite to each other, or a reflective-type liquid 
crystal display device in which the incident light side and outgoing light side are the same 
side. 
[0015] 

In each structure of the above-described respective liquid crystal display devices, 
an approximately circularly-polarized light comes into the liquid crystal layer, the 
outgoing light from the liquid crystal layer is provided with a 1/4 wavelength phase 
difference by the first retardation layer, and then, comes into the analyzer. 
[0016] 

When the liquid crystal molecules in the above -described liquid crystal layer are 
aligned to the direction normal to the substrate (vertically), the liquid crystal layer cannot 
provide a phase difference to the transmitted light. As a result, the transmitted light 
goes out with its approximately circular polarization retained. After the outgoing fight is 
transformed into a linearly-polarized light by the first retardation layer, it is inputted into 
the analyzer to restrict light transmission. As a result, the liquid crystal display device 
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can show a black display. To compare, when the voltage between a pixel electrode and 
the counter electrode has a predetermined value such as in a case of voltage application or 
at the initial alignment state of no voltage application, the alignment directions of liquid 
crystal molecules are controlled so as to be different from each other in a pixel. Since the 
liquid crystal layer provides a phase difference depending on the alignment state to the 
transmitted light in this state, the circularly-polarized light is transformed into 
elliptically-polarized light. Accordingly, the transmitted light does not return to a 
linearly-polarized light even after having passed through the first retardation layer, 
causing part of the light going out of the first retardation layer go out of the analyzer. As 
a result, it is possible to control the amount of fight going out of the analyzer depending on 
the applied voltage, making half-tone display possible. 
[0017] 

Furthermore, since the alignment directions of liquid crystal molecules are 
different from each other in a pixel, it is possible to make areas in which liquid crystal 
molecules having alignment directions different from each other are present compensate 
each other optically. As a result, the display qualities when seen diagonally can be 
improved, and the viewing angle can be enlarged. 
[0018] 

Here, as a result of controlling the alignment directions of liquid crystal 
molecules in the above-described liquid crystal layer so that they are different from each 
other in a pixel in order to secure a wide viewing angle, alignment disorder tends to occur. 
Accordingly, in the case of a conventional liquid crystal display device in which linearly- 
polarized light comes into the liquid crystal layer, and the outgoing light frx>m the liquid 
crystal layer comes into the analyzer, disorder occurs in the alignment of the liquid crystal 
molecules, and when the in -plane component of the alignment directions coincides with 
the absorption axis of the analyzer, it becomes impossible for the liquid crystal molecules 
to provide phase difference to the transmitted light, even when it is a component of the 
alignment directions normal to the substrate. Here, the mode of disorder in the 
alignment state is different from pixel to pixel, and also from location to location in a pixel, 
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resulting in rough appearance in display. Furthermore, since the liquid crystal molecules 
having an in-plane component of the alignment directions coinciding with the absorption 
axis of the analyzer cannot contribute to the improvement of brightness, the light 
utilization efficiency (effective aperture ratio) will be decreased. As a result, it is difficult 
to secure the contract ratio, and to increase the half-tone number. 
[0019] 

To compare, since approximately circularly-polarized light comes into the liquid 
crystal display device according to the present invention, the anisotropy in the alignment 
direction does not exist in the liquid crystal layer, and unless the alignment direction of 
the liquid crystal molecules and the transmitted light coincide with each other both in the 
in-plane component and in the direction normal to the substrate, the liquid crystal 
molecules can provide phase difference to the transmitted light. Accordingly, as a result 
of controlling the alignment directions of liquid crystal molecules to be different from each 
other in a pixel to secure a wide viewing angle, improvement in brightness is made 
possible, even though the tendency of disordering in the alignment state, unless the 
alignment direction of liquid crystal molecules with disordered alignment coincides with 
the viewing angle. As a result, it is possible to secure a high light utilization efficiency 
while retaining a wide viewing angle, and accordingly, realize an improved contrast ratio 
and increased half-tone number. 
[0020] 

Furthermore, it is preferable, in addition to the above-described constitution that 
the above-described circularly polarizing means sets a 550 nm wavelength light to an 
approximately circularly polarizing state, and the retardation in the in-plane direction is 
set to be approximately 1/4 the 550 nm at the above -described first retardation layer. 
[0021] 

In this constitution, regarding the 550 nm wavelength which provides the 
highest visibility to human eye, an approximately circularly-polarized light comes in, and 
degradation in brightness and rough appearance can be prevented. As a result, it is 
possible to realize a liquid crystal display device with which degradation in brightness and 
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rough appearance are hard to be recognized, in comparison with a case in which an 
approximately circularly-polarized light comes in only in the other wavelengths. 
[0022] 

It is to be noted that it is sufficient for the circularly polarizing means to have 
circularly-polarized light come in. It is acceptable for the circularly polarizing means to 
have approximately circularly-polarized light come in to the extent that the above- 
described degradation in brightness and rough appearance are not conspicuous. It is also 
acceptable for the retardation of the first retardation layer to be approximately 1/4 times 
the wavelength of the transmitted light to the extent that the above-described degradation 
in brightness and rough appearance are not conspicuous, although perfectly 1/4 times the 
wavelength should be fine. 
[0023] 

To be concrete, when a 550 nm wavelength light is set as a standard, the 
retardation in the in-plane direction of the above-described first retardation layer is 
preferably set to be not less than 95 nm and not more than 175 nm. 
[0024] 

In the above-described constitution, the retardation is set to be not less than 95 
nm and not more than 175 nm. Therefore, even though the brightness is degraded, the 
overall degradation in brightness and the degradation in brightness in the areas with 
disordered alignment can be restricted to about 10%. As a result, it is possible to realize 
a liquid crystal display device with which the degradation in brightness and rough 
appearance are hard to be recognized, in comparison with a case in which the retardation 
is set to be in a region other than the above-described region. 
[0025] 

In addition to the above-described constitution, it is desirable that the above- 
described circularly polarizing means is a selective reflection layer installed on the 
incident light side of the liquid crystal layer, transmit circularly-polarized light in the 
predetermined optical rotation direction, and reflect circularly-polarized light in the 
opposite direction. 
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[0026] 

In this constitution, circularly-polarized light in the predetermined optical 
rotation direction of the light coming into the selective reflection layer is transmitted 
through the selective reflection layer. To compare, circularly-polarized light rotating in 
the opposite direction is reflected at the selective reflection layer, and may be reutilized, 
for example by returning it to the backlight source, which is different from a case in which 
it is absorbed by a polarizer. As a result, the light utilization efficiency is improved, 
although approximately circularly-polarized light can enter the liquid crystal layer. 
[0027] 

On the other hand, the above-described circularly polarizing means may be, 
instead of using a selective reflection layer as a circularly polarizing means, equipped with 
a polarizer installed on the incident light side of the liquid crystal layer, and a second 
retardation layer installed between the polarizer and liquid crystal layer, wherein the 
retardation in the in-plane direction is set to be a wavelength that is approximately 1/4 
times that of the transmitted light. Even in this case, since the linearly-polarized light 
that goes out of the polarizer is transformed into an approximately circularly-polarized 
light by the second retardation layer, an approximately circularly-polarized light can enter 
the liquid crystal layer. It is to be noted that although the incident light side and the 
outgoing side of the liquid crystal display device may be on the same side or on the 
different sides, the same layer can be used as the analyzer and polarizer or, the first and 
second retardation layers, in the case of the same side. 
[0028] 

Furthermore, in addition to the above-described constitution, it is desirable that 
the analyzer, polarizer, and first and second retardation layers are disposed so that the 
analyzer is installed on one side of the liquid crystal layer, the polarizer is installed on the 
other side, the light transmission axis of the analyzer is 45° from the phase delay axis of 
the first retardation layer, and the light transmission axis of the polarizer is 45° from the 
phase delay axis of the second retardation layer. 
[0029] 
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In this constitution, since the light transmission axis of the analyzer is 45° from 
the phase delay axis of the first retardation layer, and the light transmission axis of the 
polarizer is 45° from the phase delay axis of the second retardation layer, the linearly- 
polarized light can be efficiently converted to circularly-polarized light, and vice versa. 
[0030] 

Furthermore, when the first and second retardation layers are installed, it is 
desirable that the analyzer is installed on one side of the liquid crystal layer, and the 
polarizer is installed on the other side, the first and second retardation layers are disposed 
so that one of the phase delay axes is perpendicular to the other, and the analyzer and 
polarizer are disposed so that one of the transmission axes is perpendicular to the other. 
[0031] 

In the above-described constitution, the first and second retardation layers are 
disposed so that one of the phase delay axes is perpendicular to the other. Therefore, the 
wavelength dispersions in the refractive index anisotropy both retardation layers have 
cancel each other. As a result, a wider wavelength range of transmitted light is absorbed 
by the analyzer in the black display state, leading to realization of a better black display. 
[0032] 

Furthermore, in any of the constitutions, it is desirable that a viewing angle 
compensation layer is installed between layers from the analyzer to polarizer, wherein the 
refractive index anisotropy is set so that a phase difference provided by the liquid crystal 
layer that changes depending on the tilting angle from the direction normal to the first 
substrate to the viewing angle is cancelled out. 
[0033] 

In this constitution, the phase difference provided by the liquid crystal layer is 
cancelled out by the viewing angle compensation layer, depending on the tilting angle of 
the viewing angle. Therefore, it is possible to restrict the viewing angle dependency, and 
to realize a liquid crystal display device having a good contrast ratio in a wider viewing 
angle range. 
[0034] 



13 



(EMBODIMENT OF THE INVENTION) (FIRST EMBODIMENT) 

One of embodiments of the present invention will be explained as follows, based 
on Figs. 1- 16. Take a liquid crystal layer exhibiting alignment vertical to the substrate 
when no voltage is applied, and exhibiting a radially-tilting alignment in which the 
alignment directions change continuously when a voltage is applied as a liquid crystal 
layer having alignment directions that are not consistent, for example, a liquid crystal 
panel 2 of a liquid crystal display device 1 according to the present embodiment is 
equipped with a TFT (Thin Film Transistor) substrate 21a, a counter substrate 21b, a 
liquid crystal cell 21 comprising the liquid crystal 21c sandwiched by both substrates 21a 
and 21b, polarizing plates 22a and 22b, polarizing plates 22a, 22b disposed on both sides 
of the liquid crystal cell 21, a A/4 plate (second retardation layer) 23a disposed between the 
polarizing plate 22a on the TFT substrate 21a side and the liquid crystal cell 21, and a A/4 
plate (first retardation layer) 23b disposed between the polarizing plate 22b on the counter 
substrate 21b side and the liquid crystal layer 21c. It is to be noted that both the 
substrates 21a and 21b correspond to the first and second substrates described in the 
claims. Furthermore, the polarizing plate 22a corresponds to the polarizer, and the 
polarizing plate 22b corresponds to the analyzer. 
[0035] 

The above-described liquid crystal cell 21 is a vertical alignment (VA) mode liquid 
crystal cell, and is fabricated by applying vertical alignment films (not shown) to the TFT 
substrates 21a on which pixel electrodes 31 (to be described later) formed with ITO 
(Indium Tin Oxide) or the like, and thin film transistor elements (not shown) arrayed in 
the shape of a matrix, and the counter substrate 21b having a counter electrode, followed 
by bonding both substrates 21a and 21b, and enclosing the liquid crystal layer 21c having 
a negative dielectric constant anisotropy in a gap between the substrates 21a and 21b. 
By this, the liquid crystal molecules M in the liquid crystal layer 21c are aligned 
approximately vertically as shown in Fig. 1 when no voltage is applied, and a horizontal 
alignment is realized with the liquid crystal molecules being tilted as shown in Fig. 2 
when a voltage is applied. 
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[0036] 

Furthermore, in the liquid crystal cell 21c according to this embodiment, a resin 
32a formed with a circular hole 32 therein is installed on each pixel electrode 31 formed on 
the TFT substrate 21a, as shown in Fig. 3. The wall H of the hole part 32 is inclined as 
shown in Fig. 4, and liquid crystal molecules M near the wall surface H are aligned to be 
vertical to the surface of the wall M. In addition, the electric field near the wall surface H 
tilts to be parallel to the wall surface H when a voltage is applied. As a result, when the 
liquid crystal molecules M are tilted at the time of voltage application, the liquid crystal 
molecules M tend to be tilted in a radial manner in the in-plane direction around the 
centers of the hole parts 32, as shown by the arrows in Fig. 3, with the result that each of 
the liquid crystal molecules M in the liquid crystal layer 21c can be aligned with tilting in 
a radial manner. Also, when the applied voltage is further increased, the tilting angle 
from the direction normal to the substrate is increased, and each of the liquid crystal 
molecules M is aligned approximately parallel to the display screen and radially in the in- 
plane. The resin 32a with the hole parts 32 formed can be formed by applying a 
photosensitive resin onto the TFT substrate 21a, followed by processing in a 
photolithography step. 
[0037] 

Furthermore, when the pitch between pixels are made larger, for example, there 
would be a problem that when only one hole part 32 is formed in each pixel electrode 31, 
the center region of a hole part 32 provides insufficient alignment controlling force, 
leading to unstable alignment. Accordingly, when the alignment controlling force of the 
center region is insufficient, it is preferable to install a plurality of hole parts 32 on each 
pixel electrode 31, as shown in Fig. 5. In the figure, numeral 33 indicates a source wiring 
and numeral 34 indicates a gate wiring. 
[0038] 

On the other hand, the X /4 plate 23a , 23b shown in Fig. 1 are formed from 
material having birefringence anisotropy such as a monoaxially drawn polymer film, for 
example, and the thickness (length along the direction the normal to the substrate) is set 
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so that the light path difference between the ordinary light and extraordinary light is 1/4 
times the wavelength of the incident light. By this, a linearly-polarized light having a 
light polarization direction of 45° from the phase delay axis can be converted to a 
circularly-polarized light. Also, when a circularly-polarized light enters, it can be 
converted to a linearly-polarized light having a light polarization direction of 45° from the 
phase delay axis of the A/4 plates 23a (23b). If axially symmetrical alignment is realized 
by adding a chiral agent when the liquid crystal layer 21c is formed, a twist angle occurs 
in the liquid crystal layer 21c. Therefore, it is desirable, in this case, to shift the light 
path difference of the A/4 plate 23a (23b) from the 1/4 wavelength, taking the twist angle 
of the liquid crystal layer 21c into consideration. 
[0039] 

Furthermore, in the liquid crystal panel 2 according to this embodiment, the 
transmission axis PAa (PAb) of the polarizing plate 22a (22b), and the phase delay axis 
SLa (SLb) of the A/4 plate 23a (23b) are set in directions shown in Fig. 6. To be specific, 
the phase delay axis SLa of the A/4 plate 23a is arranged to be 45° from the transmission 
axis PAa of the polarizing plate 22a. Also, the phase delay axis SLb of the A/4 plate 23b is 
arranged in the same direction as in the case in which the angle between the phase delay 
axis SLa and transmission axis PAa is arranged, so that it is disposed at 45° from the 
transmission axis PAb of the polarizing plate 22b. It is to be noted here that Fig. 6 
illustrates, as an example, a case in which a clockwise 45° is formed when seen along the 
direction normal to the substrate from the counter substrate 21b side. The figure 
illustrates a case when no voltage is applied, in which the liquid crystal molecules M are 
approximately vertically aligned. 
[0040] 

Furthermore, in the liquid crystal display device 1 according to this embodiment, 
a backlight 3 as a light source for the liquid crystal display device 1 is installed on one of 
the two surfaces of the liquid crystal panel 2, as shown in Fig. 1. In the example of Fig. 1, 
a backlight 3 is installed on the TFT substrate 21a side. 
[0041] 
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In the above-described constitution, when no voltage is applied between the pixel 
electrodes 31 and counter electrode (not shown), the liquid crystal molecules M of the 
liquid crystal layer 21 are in a vertical alignment state, except a small number of 
molecules around the walls H of the hole parts 32, as shown in Fig. 1. In this state (no 
voltage application), light from the backlight 3 coming into the liquid crystal panel 2 
passes through the polarizing plate 22a to become a linearly-polarized light in which the 
polarizing direction is at 45° from the phase delay axis SLa of the A/4 plate 23a. 
Furthermore, the linearly-polarized light is converted to a circularly-polarized light by 
passing through the A /4 plate 23a. 
[0042] 

Here, the liquid crystal molecules M do not provide phase difference to light 
which comes in the direction in parallel with the alignment direction. Accordingly, the 
liquid crystal layer 21c cannot provide phase difference to the light coming vertically into 
the liquid crystal layer 21c from the backlight 3, showing almost no birefringence. 
[0043] 

As a result, the circularly-polarized light going out of the A/4 plate 23a passes 
through the liquid crystal layer 21c with its light polarizing state intact, and comes into 
the A/4 plate 23b. When the circularly-polarized light passes through the A/4 plate 23b, 
the circularly-polarized light is converted to a linearly-polarized light polarized in the 
direction that is 45° from the phase delay axis SLb of the A/4 plate 23b, that is, 
perpendicular to the transmission axis PAb of the polarizing plate 22b. Therefore, the 
linearly-polarized light is absorbed in the polarizing plate 22b, and the liquid crystal 
display device 1 can show a black display at no voltage application. 
[0044] 

To compare, when a voltage is applied between the pixel electrodes 31 and 
counter electrode, the liquid crystal molecules M in the liquid crystal layer 21c are aligned 
as radially tilted, as shown in Figs. 2 and 7. Even in this state, the light polarizing state 
is converted in the same ways as in the case of no voltage application from the backlight 3 
as far as the liquid crystal cell 21, and a circularly-polarized light comes into the liquid 
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crystal layer 21c. 
[0045] 

However, the alignment direction of the liquid crystal molecules M changes at 
the time of voltage application, and they are aligned as radially tilted. Hereupon, when 
the alignment direction and incident direction are different from each other, the liquid 
crystal molecules M can provide to the transmitted light a phase difference corresponding 
to the angle between them, while they do not give phase difference to the light incident in 
the direction in parallel with the alignment direction. 
[0046] 

As a result, in the case of light perpendicularly coming into the liquid crystal cell 
21, the liquid crystal layer 21c can give a phase difference to the transmitted light, and 
change the light polarizing state of the transmitted light, except in small areas where the 
liquid crystal molecules M are aligned in the direction normal to the substrate, such as the 
central areas of the hole parts 32. Accordingly, the light coming out of the liquid crystal 
cell 21 changes into an elliptically-polarized light, in general. This elliptically-polarized 
light does not change into a linearly-polarized light when having passed through the )J4 
plate 23b, which is different from the case at no voltage application. Thus, part of light 
given to the polarizing plate 22b from the liquid crystal cell 21 through the 7J4 plate 23b, 
can be transmitted through the polarizing plate 22b. Here, the amount of polarized light 
transmitted through the polarizing plate 22b depends on the level of the phase difference 
given by the liquid crystal layer 21c. Therefore, it is possible to change the amount of 
incident light and make half-tone display possible in the liquid crystal display device 1, by 
controlling the voltage applied to the liquid crystal layer 21c in order to adjust the 
alignment directions of the liquid crystal molecules M. 
[0047] 

In the above -described constitution, the liquid crystal layer 21 has a radially 
tilting alignment. Accordingly, even when the liquid crystal panel 2 is seen from 
directions (in-plane directions) the in-plane components of which are different from each 
other, the whole liquid crystal molecules M related to the display of a pixel give 



18 



r 



approximately one the same phase difference to the transmitted light. As a result, a 
wider viewing angle can be secured, in comparison with a case in which all the liquid 
crystal molecules M related to display of a certain pixel are aligned with tilting in a single 
specific direction. 
[0048] 

Here, even if the liquid crystal display device 101 has a constitution in which the 
liquid crystal layer 121c has a radially tilting alignment so as to secure a wide viewing 
angle as shown in Fig. 18, there are a group of liquid crystal molecules of which the in- 
plane components of the alignment directions are aligned with tilting to the direction 
which coincides with the direction of the linearly-polarized light when a linearly-polarized 
light comes into the liquid crystal layer 121c in the constitution. Since the group of liquid 
crystal molecules cannot provide the transmitted light with phase difference, irrespective 
of the component in the direction normal to the alignment direction, light that has passed 
through the group of liquid crystal molecules will be absorbed by the polarizing plate 122b 
on the outgoing light side, as in the case of vertical alignment. 
[0049] 

As a result, the transmittance in the area along the direction of the linearly- 
polarized light about the central portion of the hole parts 32 as well as in the areas along 
the direction perpendicular to the above direction come to be decreased. Furthermore, in 
the edge area of the pixel electrodes 31 as shown in Fig. 19, for example, the alignment of 
the liquid crystal molecules M is disturbed, leading to disorder in alignment which is 
different from place to place, by the influence of the external electric field or the like, and 
accordingly, rough appearance in display will be recognized. 
[0050] 

To compare, in the constitution of the present embodiment, since a circularly - 
polarized light comes into the liquid crystal cell 21, the liquid crystal molecules M which 
cannot provide transmitted light with phase difference are only those aligned vertically to 
the substrate surface, when seen from the front, even though a wide viewing angle is 
secured by the radially tilting alignment. Also, when seen diagonally, there are only 
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liquid crystal molecules M which are aligned in the same direction as the viewing angle 
direction. As a result, there will be fewer number of liquid crystal molecules that cannot 
contribute to the effect, and phase difference can be generated unless the viewing angle of 
the in-plane component is not the same as the one of the normal direction component. 
Therefore, areas in which shading appears in the display are limited only to the central 
locations of hole parts 32 and the locations in the midst of two adjacent hole parts 32, 32 
as shown in Fig. 8, and areas in which shading occurs can be reduced greatly in the edge 
areas of pixel electrodes 31. Furthermore, whether shading is recognized or not, the 
number of liquid crystal molecules M which can provide the transmitted light with phase 
difference will increase. As a result, the transmission intensity Tl of the liquid crystal 
display device 1 according to the present embodiment, will be higher than the 
transmission intensity T101 of a conventional liquid crystal display device 101 wherein 
linearly-polarized light enters, improving the light utilization efficiency (effective aperture 
ratio) and brightness, as shown in Fig. 9. Fig. 9 shows the ratio of each transmission 
(transmission intensity) to the theoretical maximum transmission (50% of transmission 
intensity of air) in the liquid crystal display devices 1, 101, with the voltage [V] applied to 
the liquid crystal layer of each liquid crystal display device as abscissa. 
[0051] 

In the above description, the retardations of the XI A plates 23a, 23b are set so 
that the incoming light will be a circularly-polarized light. However, a polarized light 
which is not a complete circularly-polarized light, or an elHptically-polarized light which 
may be roughly regarded as a circularly-polarized light, for example, may be accepted, if 
the decrease in brightness is not significant and the shifting from a complete circularly- 
polarized light does not generate rough appearance. To be specific, in the case of Fig. 1, 
for example, when the transmittance at a wavelength (550 nm) which provides the highest 
visibility is determined (simulation) while changing the retardations of the X /4 plates 23a, 
23b, the decrease in brightness and rough appearance is hard to be recognized by an 
observer, if the change rate in the brightness is within 10%, that is, if the transmittance is 
not less than 0.9, as shown in Fig. 10. Accordingly, if the retardations of the X /4 plates 
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23a, 23b are 135 nm to the light around 550 nm, it is optimal, and if the retardation is in 
the range of not less than 95 nm and not more than 175 nm, a similar effect will be 
realized, even if a complete circularly-polarized light is not used. Outside of the range, 
the brightness falls rapidly, and rough appearance due to defective alignment areas tends 
to be easily recognized. 
[0052] 

The above-described A/4 plates 23a, 23b are effective in improving the brightness 
and preventing rough appearance, if a circularly-polarized light or elliptically-polaiized 
light which is close to a circularly-polarized light can be converted to a linearly-polarized 
light, and vice versa, in a wavelength with the highest visibility, that is, if the A/4 
conditions are roughly satisfied in the above-described range with the wavelength. When 
display with a stress in color tone or similar display is needed, particularly, it is preferable 
that a circularly-polarized light or elliptically-polarized light which is close to a circularly- 
polarized light can be converted to a linearly-polarized light, and vice versa, in the whole 
visible light spectrum. However, since it is generally difficult to completely remove 
wavelength dispersion in monolayer A/4 plates 23a, 23b, if A/4 plates are used as the A/4 
plates 23a, 23b, for example, which satisfy the A/4 conditions to a light (550 nm) with the 
highest visibility, the A/4 conditions will be missed as the wavelength of light shifts away 
from 550 nm. As a result, even if the applied voltage is set to a value which should shield 
a 550 nm light in order to realize a black display, there might be an occasion in which 
visible light which has shifted from 550 nm passes through the polarizing plate 22b, 
leading to a discoloring phenomenon. 
[0053] 

Therefore, restriction of discoloring phenomenon is needed in cases such as color 
display, it is desirable to make the transmission axis PAa of the polarizing plate 22a and 
the transmission axis PAb of the polarizing plate 22b perpendicular to each other, and 
make the phase delay axis SLa of the A/4 plate 23a and the phase delay axis SLb of the A/4 
plate 23b perpendicular to each other, as shown in Fig. 11. Here, the angle between the 
transmission axis PAa and phase delay axis SLa, and the angle between the transmission 
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axis PAb and phase delay axis SLb are set to be 45° against the same direction, as in Fig. 
6. 

[0054] 

Since the phase delay axis SLa of the A/4 plate 23a and the phase delay axis SLb 
of the A/4 plate 23b are perpendicular to each other in the liquid crystal display device la 
of this modified embodiment, the wavelength dispersions of the refractive index 
anisotropy of the A/4 plates 23a and 23b cancel each other. As a result, the polarizing 
plate 22b can absorb a transmitted light with a wider wavelength range in a black display 
state, and good black display without discoloration can be realized. 
[0055] 

The A/4 plates 23a and 23b may be formed from different materials. However, it 
is preferable to form them from at least the same material, and if possible, by the same 
fabrication process, since such A/4 plates can realize a liquid crystal display device which 
does not show discoloration at a lower cost than wide-spectrum A/4 plates. 
[0056] 

In the above description, the explanation is made to a case in which light comes 
vertically into the liquid crystal layer 21c when in a black display. However, in a 
transmission-type liquid crystal display device 1 in particular, although a vertically 
incoming light contributes the most to the display, light which comes from diagonal 
directions from the liquid crystal layer 21c (directions that are inclined from the direction 
normal to the display surface of the liquid crystal display device l) also contributes to the 
display. Here, such diagonally incoming light may be given phase difference also by the 
liquid crystal layer 21c in the vertically aligned state. Accordingly, when the display 
surface of the liquid crystal display device 1 is seen diagonally, there would be a problem 
of light leakage, and the display contrast ratio is decreased, even though a vertical 
alignment state which should be in a black state is realized. 
[0057] 

Therefore, when it is required to improve the contrast ratio in the diagonal 
direction, it is desirable to further install a viewing angle compensation plate (viewing 
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angle compensation layer) 24 formed as a retardation plate in which the refractive index 
anisotropy is set so as to cancel out the phase difference to the diagonally incoming light, 
as shown in the liquid crystal display device lb in Fig. 12. Fig. 12 shows an exemplary 
case in which a single retardation plate is installed as a viewing angle compensation plate 
24 on the exterior side of the TFT substrate 21a (the furthest side from the liquid crystal 
layer 21c). However, the viewing angle compensation plate is not limited to this, and a 
plurality of retardation plates may be laminated to form a viewing angle compensation 
plate 24. Also, the location where the viewing angle compensation plate 24 is installed, is 
not limited to the exterior side of the TFT substrate 21a, and the exterior side of the 
counter substrate 21b may be used. It is also possible to install viewing angle 
compensation plates on the respective exterior sides of both the substrates 21a and 21b. 
[0058] 

In any case, since the sum of the phase differences of the viewing angle 
compensation plates 24 are set so as to cancel out the phase difference to the diagonally 
incoming light, it is possible to restrict the above-described light leakage and improve the 
contrast ratio in the diagonal direction. By this, it is possible to realize a liquid crystal 
display device having good contrast ratio in every viewing angle range. 
[0059] 

In the above description, the radially tilting alignment is realized by the hole 
parts 32. However, the method for realizing such alignment is not limited to this. For 
example, it is possible to realize a radially tilting alignment, by installing protrusions 35 
in the shape of a hemisphere on the pixel electrodes 31 instead of the hole parts 32, as 
shown in the liquid crystal display device lc in Fig. 13. In this case, liquid crystal 
molecules M in the neighborhood of a protrusion 35 are aligned vertically to the surface of 
the protrusion 35, and the electric field in the neighborhood of the protrusion 35 is tilted 
toward the direction in parallel with the surface of the protrusion 35 when a voltage is 
applied. By this, the liquid crystal molecules M tend to be tilted radially about the 
protrusion 35 in the in-plane direction in the same way as in the constitution of Fig. 3, as 
shown by the arrows in the figure, and each liquid crystal molecule M in the liquid crystal 
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layer 21c can be aligned with tilting radially. It is to be noted that each protrusion 35 can 
be formed by applying a photosensitive resin followed by a photolithography process. 
[0060] 

In the above description, the explanation is made for an exemplary case in which 
respective liquid crystal molecules M in the liquid crystal layer 21c are tilted with their 
radial alignment directions changing continuously from each other, when a voltage is 
applied. However, the structure of a liquid crystal layer for realizing such tilting is not 
limited to this. As shown in Figs. 14 to 16, it is also effective to use a liquid crystal layer 
having a structure wherein the liquid crystal layer is partitioned into a plurality of 
domains in which the alignment directions are different from each other when a voltage is 
applied (multi-domain alignment). 
[0061] 

For example, in the liquid crystal display device Id in Fig. 14, pyramidal 
protrusions 35a are formed on the pixel electrodes 31, instead of hemispherical 
protrusions 35 in Fig. 13. In this structure, liquid crystal molecules M are aligned so as 
to be perpendicular to each slope, in the neighborhood of a protrusion 35a. In addition, 
the electric field of the part in the protrusion 35a is tilted in the direction in parallel to the 
slope of the protrusion 35a, when a voltage is applied. As a result, the in-plane 
component of an alignment angle of liquid crystal molecules M comes to be equal to the in- 
plane component in the direction normal to the nearest slope (direction Pi, P2, P3 or P4) 
when a voltage is applied. Accordingly, a pixel area is partitioned into four domains Dl 
to D4 showing different alignment directions at the time of tilting. As a result, when the 
liquid crystal display device Id is seen from a certain domain side, the transmittance in 
domains other than the domain are not degraded, even though the transmittance in the 
very domain is degraded, and the overall transmittance is prevented from being degraded. 
By this, it is hard for the brightness of the liquid crystal display device Id to depend on the 
in-plane direction of the viewing angle. 
[0062] 

Here, the in-plane components of the alignment directions are limited in a four- 
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partitioned multi-domain alignment. Accordingly, it is possible to decrease the number of 
liquid crystal molecules that cannot provide a transmitted light with phase difference, by 
setting the angles between the above-described directions PI to P4 and the direction of a 
linearly-polarized light to be 45°, even when a linearly-polarized light comes in, which is 
different from the above-described radially tilting alignment case. 
[0063] 

However, even in such setting, the alignment state of liquid crystal molecules M 
tends to be disturbed in the domain border regions B12, B23, B34 or B41 between 
domains, or circumferential edge regions of the pixel electrodes 31. Accordingly, 
depending on the disturbance of the alignment state, there would be a problem of 
increased number of liquid crystal molecules which cannot provide a transmitted light 
with phase difference due to coincidence of the direction of the linearly-polarized light and 
the in-plane component of the alignment direction. 
[0064] 

To be specific, since in a border region, liquid crystal molecules M are aligned as 
are supported by the liquid crystal molecules M present in the domains on both sides, the 
alignment of the liquid crystal molecules M is not fixed, and is in an unstable state. As a 
result, if the balance of the alignment controlling forces from the domains on both sides is 
disturbed by mere chance, the alignment state on the border regions will change (tilt). It 
is to be noted that the balance may be affected not only by a slight fluctuation of the 
alignment controlling force during the fabrication processes but also by the sideway 
electric field by the voltage applied to the gate signal wiring and source signal wiring, 
degradation with time, etc. Therefore, the change in the alignment state occurs not only 
from part to part in the border regions but also from pixel to pixel. As a result, there 
would be a problem that rough appearance will be recognized when a linearly-polarized 
light comes in. 
[0065] 

Also, in the edge regions, the alignment state changes continuously, and 
accordinly, tends to be affected by the external electric fields such as the electric fields 
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from the source signal wiring and gate signal wiring, in comparison with the central 
portions of the pixel electrodes 31. When the alignment is controlled by a wall structure, 
it is also susceptible to steric stress. Thus, since it is susceptible to the surrounding 
influence in the edge regions, the alignment controlling force tends to be nonuniform, and 
the alignment state of the liquid crystal molecules tends to change (tilt). The alignment 
state changes not only from part to part in the border regions but also from pixel to pixel. 
As a result, when linearly-polarized light comes into the liquid crystal layer having a 
multi-domain structure, the disordering in the alignment state causes rough appearance 
that is possibly recognizable. 
[0066] 

To compare, in this embodiment, circularly-polarized light enters a multi-domain 
alignment liquid crystal cell by means of a X /4 plate 23a. As a result, even though the 
alignment state of the liquid crystal molecules M is disturbed, the liquid crystal molecules 
M can contribute to the display, unless the alignment directions of the liquid crystal 
molecule M and the viewing angle coincide with each other not only in their in-plane 
components but also in their components in the direction normal to the substrates, just in 
the same way as in the radially tilting alignment. By this, a liquid crystal display device 
having high display qualities without rough appearance can be realized, as a result of 
utilizing a multi-domain alignment liquid crystal layer for securing a wide viewing angle, 
even though there are domain border areas besides edge areas in the pixel electrodes 31. 
[0067] 

While multi-domain alignment is realized by installing protrusions 35a in the 
liquid crystal display device Id in Fig. 14, it is to be noted that multi-domain alignment 
can also be realized by installing on the pixel electrode 31 protruding parts 36 ... having a 
mound-like shape in the normal direction, and a zigzag stripe shape with approximately 
right-angled zigzagging in the in-plane direction, and installing protruding parts 37 
having a similar shape on the counter electrode of the counter substrate 21b, as shown in 
the liquid crystal display device le in Fig. 15. The spacing between the protruding parts 
36 and 37 in the in-plane direction is arranged so that the normal to the inclination of the 
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protruding parts 36 and the normal to the inclination of the protruding parts 37 coincide 
with each other. Also, these protruding parts 36 and 37 can be formed by applying a 
photosensitive resin to the pixel electrodes 31 and counter electrode followed by 
photolithographic processing respectively, as in the case of protrusions 35, 35a. 
[0068] 

In the above-described structure, of the protruding parts 36, the liquid crystal 
molecules M in the areas Dl, D2 (D3, D4) near the line parts LI (L2) are aligned along the 
slopes of the mounds in the regions except the angled parts C. Here, the line parts LI 
and L2 are perpendicular to each other. As a result, each pixel can be divided into plural 
domains Dl, D2 (D3, D4) having different alignment directions from each other. 
[0069] 

In this structure, there are domain border areas B13, B24 so as to connect each of 
angled parts C. There are also domain border areas B12, B34 along the line parts LI, L2. 
Therefore, when linearly-polarized light enters the liquid crystal cell, there is a possibility 
that the disorder in the state of alignment directions in the domain border areas B13, B24, 
B12, B34 may be viewed as rough appearance, even though the in-plane directions of the 
line parts LI, L2 are tilted 45° regarding the linearly-polarized light. It is to be noted 
that the border areas B12, B34 along the line parts LI, L2 cannot be hidden unless extra 
light-shielding films are installed, while the border areas B13, B24 connecting each of the 
angle parts C can be hidden by arranging the angled parts C so that the auxiliary 
capacitance wiring of a metal formed on the TFT substrate 21a, hght-shielding films 
installed on the counter substrate 21b in the capacity of color filter substrates, etc. are 
installed so as to be overlapped with the areas to be shielded. 
[0070] 

Multi-domain alignment may be realized by partitioning alignment by installing 
slits in the pixel electrodes 31 or in the counter electrode, besides the protrusions. For 
example, in the liquid crystal display device If in Fig. 16, alignment control windows 38 
are installed which are each formed on the counter electrode of the counter substrate 21b 
by connecting Y-shaped slits symmetrically in the perpendicular direction (direction in 
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parallel with one of the sides of an approximately square-shaped pixel electrode 31 in the 
plane), as in the case of a liquid crystal cell described in Japanese Unexamined Patent 
Application Publication No. 11-109391. 
[0071] 

In this structure, the liquid crystal molecules M are aligned vertically in the 
areas just under the alignment control windows 38 over the surface of the counter 
substrate 21b, since an electric field which is large enough to tilt the liquid crystal 
molecules M does no appear. On the other hand, in the areas around the alignment 
control windows 38 over the surface of the counter substrate 21b, an electric field appears 
that is spreading away to avoid the alignment control windows 38, as it comes near to the 
counter substrate 21b. As a result, the liquid crystal molecules M are tilted to the 
direction in which the long axis is perpendicular to the electric field, and the in-plane 
components of the alignment directions of the liquid crystal molecules M become 
approximately perpendicular to each side of the alignment control windows 38, as shown 
by arrows in the figure. By this, plural domains D 1 to D4 can be formed in a pixel. 
Although not illustrated in the figure for the convenience of explanation, there are TFT 
elements installed in which gate electrodes are actually connected to the gate signaling 
lines 34, source electrodes, to source signaling lines 33, and drains, to the pixel electrodes 
31. 

[0072] 

However, even in this case, the alignment directions of liquid crystal molecules M 
tend to be disturbed in the domain border areas (just under the alignment control 
windows 38) of each domain, causing a possible problem of disclination lines DL being 
observed. It is possible to make the spots where the disclination lines DL appear in a 
uniform manner, if Wp>d/2, and/or, Ws>d/2 are set, when the distance between adjacent 
pixel electrodes 31 is Wp, the distance between the pixel electrodes 31 and the counter 
electrode is d, and the slit width of the alignment control windows 38 is Ws, as set out in 
the above-described Publication, but there is no change in the presence of the border areas. 
Accordingly, it is hard to completely delete the abnormal alignments. 
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[0073] 

In any case, since plural domains are installed in a pixel of the multi-domain 
alignment liquid crystal cell in order to enlarge the viewing angle, border areas are 
present in a pixel (within the display area). Accordingly, when linearly-polarized light 
enters, disclination lines DL are generated along the absorption axes direction (cross- 
Nicole) of the polarizing plate 22a (22b) in the alignment control windows 38, due to the 
disorder of the alignment state in the border areas, and possibly cause a problem of rough 
appearance being observed due to the place-to-place or pixel-to-pixel difference in the state 
of the disclination lines DL. 
[0074] 

To compare, in this embodiment, circularly-polarized light enters the multi- 
domain alignment liquid crystal cell. By this, use of the multi-domain alignment liquid 
crystal cell for securing a wide viewing angle results in a state in which disclination lines 
are hard to be observed not only in the edge areas of the pixel electrodes 31, but also in the 
alignment control windows 38, even though the domain border areas are present. 
Accordingly, a liquid crystal display device 1 with high display qualities and without 
rough appearance can be realized. 
[0075] 

While, in this embodiment, the explanation has been made, taking, for an 
example of liquid crystal cell, a case in which a liquid crystal layer is used that has liquid 
crystal molecules M having a negative dielectric constant anisotropy, being aligned 
vertically to the substrate surface as the initial alignment, and being aligned in plural 
directions within a pixel when a voltage is applied, it is also possible to use a liquid crystal 
layer with a positive dielectric constant anisotropy, and horizontal alignment in multiple 
directions regarding the substrate surface at the initial alignment. 
[0076] 

In any case, a liquid crystal display device using a liquid crystal layer in which 
the alignment directions are controlled so that the in-plane components of the alignment 
directions of respective liquid crystal molecules M are different from each other in a pixel 
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when a voltage is applied, will provide approximately the same effect as this embodiment. 
[0077] 

Furthermore, even in a liquid crystal layer in which the alignment directions of 
liquid crystal molecules M are controlled to be in a single direction in a pixel, there are 
problems that the alignment direction would be disturbed at the edge parts of a pixel due 
to diagonal electric fields by bus lines such as the source signal lines and gate signal lines, 
for example. Accordingly, a liquid crystal display device using a liquid crystal layer in 
which the in-plane components of the alignment directions of respective liquid crystal 
molecules M are different from each other in a pixel when a voltage is applied, will provide 
some level of effect. 
[0078] 

However, in a liquid crystal layer such as those in the multi-domain alignment 
and the radially tilting alignment in which the alignment directions are controlled so that 
the in-plane components of the alignment directions of respective liquid crystal molecules 
M are different from each other in a pixel when a voltage is applied, the alignment state 
tends to be more easily disturbed, and the display qualities are more likely to be degraded, 
compared with a liquid crystal layer in which the alignment directions are controlled to be 
in a single direction in a pixel. Thus, the display qualities can be improved to a greater 
extent, when circularly-polarized light enters the liquid crystal layer. 
[0079] 

Furthermore, vertical alignment mode liquid crystal cells provides a higher 
display contrast and higher response speed between the levels of white and black, 
compared with the TN (Twisted Nematic) mode liquid crystal cells. In addition, it is 
possible to restrain the in-plane direction dependency of the viewing angle, by combining 
with the radially tilting alignment or the multi-domain alignment. Therefore, by having 
circularly-polarized light enter the radially tilting alignment or multi-domain alignment 
liquid crystal cell in the vertical alignment mode, it is possible to realize a liquid crystal 
display device that can furnish all of contrast, response speed, viewing angle, and the in- 
plane direction dependency of the viewing angle and the display qualities. In particular, 
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the radially tilting alignment has less in-plane direction dependency than multi-domain 
alignment, though rough appearance is more likely recognized, when it is combined with 
linearly-polarized light. Accordingly, it is possible to realize a liquid crystal display 
device with little in-plane direction dependency without degrading the display qualities, 
by having circularly-polarized light enter to restrain the rough appearance as in this 
embodiment. 

[0080] (SECOND EMBODIMENT) 

In the above-described first embodiment, the explanation was made to a case in 
which the polarizing plate 22a and X /4 plate 23a are placed between the backlight 3 and 
liquid crystal cell 21, as circularly polarizing means for having circularly-polarized light 
enter the liquid crystal cell 21. However, since the polarizing plate 22a absorbs the 
oscillating components other than one along the transmission axis Aa, the outgoing 
amount of light from the polarizing plate 22a is limited to about 40-60% of the amount of 
the incident light. 

[0 081] 

To compare, in the liquid crystal display device lg according to this embodiment, 
a selective reflection layer 25 is installed as a circularly polarizing means to replace both 
the above -described members 22a, 23a, as shown in Fig. 17. The selective reflection layer 
25 is characterized in that it allows circularly-polarized light of the incident light that 
rotates in a certain direction to pass, while it reflects circularly-polarized light that rotates 
in the opposite direction. It may be formed as a cholesteric liquid crystal film or the like, 
for example. The cholesteric liquid crystal film has a helical structure, and, in the case of 
a cholesteric liquid crystal film with an anticlockwise helical structure, for example, the 
incident light is separated into circularly-polarized light in the anticlockwise direction and 
circularly-polarized light in the clockwise direction during it passes through the helical 
structure, and at the same time, the circularly-polarized light in the anticlockwise 
direction is reflected and the circularly-polarized light in the clockwise direction is allowed 
to be transmitted. To the contrary, in the case of a cholesteric liquid crystal with a 
clockwise helical structure, the circularly-polarized light in the clockwise direction is 
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reflected and the circularly-polarized light in the anticlockwise direction is allowed to be 
transmitted. By this, it is possible to take out circularly-polarized light with a necessary 
optical rotation direction. It is also possible to perform selective reflection in a wide 
wavelength region, by having the film with different helical pitches in the thickness 
direction. This cholesteric liquid crystal film can be manufactured by irradiating UV rays 
over a bifunctional cholesteric monomer and monofunctional nematic monomer to utilized 
the difference in photo-crosslinking speed. It is desirable that the selective reflection 
layer 25 indicates selective reflection in a wide wavelength region. However, if it is 
difficult, a selectively-reflectable wavelength may be set, to comply with the emission 
spectra of the backlight 3 so that the light from the backlight 3 can be selectively reflected. 
For example, when a three-wavelength tube is used for the backlight 3, it is sufficient for 
the selective reflection layer 25 to have selective reflection in the three wavelength. 
[0082] 

In the liquid crystal display device lg with the above described structure, the 
light coming from the backlight 3 turns into circularly-polarized light with a desired 
optical rotation direction by passing through the selective reflection layer 25, and enters 
the liquid crystal cell 21. On the other hand, circularly-polarized light rotating in the 
opposite direction is reflected at the selective reflection layer 25, and goes back to the 
backlight 3. Here, the circularly-polarized state of the part of the circularly-polarized 
light that comes back to the backlight 3 is broken in the inside the backlight 3, and 
emitted again from the backlight 3 to the selective reflection layer 25. Accordingly, in the 
liquid crystal display device lg according to this embodiment, part of the light from the 
backlight 3 which has been absorbed by the polarizing plate 22a of the liquid crystal 
display device 1 in Fig. 1 can be utilized again. As a result, the light utilization efficiency 
of the backlight 3 can be increased, and a lighter liquid crystal display device can be 
realized. 
[0083] 

[EFFECT OF THE INVENTION] 

As described above, a liquid crystal display device according to the present 
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invention is equipped with a liquid crystal layer wherein the alignment directions of liquid 
crystal molecules are controlled so as to be different from each other in a pixel, an 
analyzer installed on the outgoing light side of the liquid crystal layer, a circularly 
polarizing means to set the incident light to the liquid crystal layer to an approximately 
circularly-polarized state,* and a first retardation layer installed between the liquid crystal 
layer and analyzer, wherein the retardation in the in-plane direction is set to be a 
wavelength that is approximately 1/4 times that of the transmitted light. 
[0084] 

As described above, another liquid crystal display device according to the present 
invention has a structure that has, instead of the above-described liquid crystal layer, a 
liquid crystal layer indicating radially tilting alignment in which the alignment directions 
of liquid crystal molecules change continuously. 
[0085] 

Still another liquid crystal display device according to the present invention has a 
multi-domain alignment liquid crystal layer to replace the above-described liquid crystal 
layer , as described above. 
[0086] 

In a liquid crystal display device with each of the above-described structures, 
approximately circularly-polarized light enters the liquid crystal layer. Accordingly, 
there is no anisotropy in the alignment direction of the liquid crystal layer, and unless the 
alignment directions of the liquid crystal molecules and the transmitted light coincide 
with each other in both the in-plane components and in the direction normal to the 
substrate, the liquid crystal molecules can provide a phase difference to the transmitted 
light. Therefore, as a result of controlling the alignment directions of the liquid crystal 
molecules being different from each other in a pixel to secure a wide viewing angle, they 
can contribute to the improvement of brightness, as long as the alignment directions of the 
disturbed liquid crystal molecules and the viewing angle do not coincide with each other, 
in spite of the fact that the alignment state is likely to be disturbed. As result, a high 
light utilization efficiency can be secured, and it is possible to improve the contrast ratio as 
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well as the number of half tones, while maintaining a wide viewing angle. 
[0087] 

As described above, a liquid crystal display device according to the present 
invention has a structure, in addition to the above-described structure, in which the 
circularly polarizing means sets a light with a wavelength of 550 nm to an approximately 
circularly polarizing state, and the retardation in the in-plane direction is set to a 
wavelength about a quarter of 550 nm in the first retardation layer. 
[0088] 

In this structure, approximately circularly-polarized light with a wavelength of 
550 nm with which the visibility of human eye is the highest comes in, and the 
degradation in brightness and generation of rough appearance can be prevented with the 
wavelength. As a result, it is possible to realize a liquid crystal display device in which 
the degradation in brightness and the rough appearance are hard to be recognized, when 
compared with a liquid crystal display device in which approximately circularly-polarized 
light enters only at the other wavelengths. 
[0089]w 

As described above, a liquid crystal display device according to the present 
invention has, in addition to the above-described structure, a structure in which the 
retardation in the in-plane direction of the first retardation layer is set to a value not less 
than 95 nm and not more than 175 nm. 
[0090] 

In the above-described structure, since the retardation is set to a value not less 
than 95 nm and not more than 175 nm regarding light with a wavelength of 550 nm, the 
overall degradation in brightness and the degradation in brightness in areas where the 
alignment is disturbed, if they occur, are limited to about 10% if they occur. As a result, 
it is possible to realize a liquid crystal display device in which the degradation in 
brightness and the rough appearance are hard to be recognized, when compared with 
cases in which the retardation is set to a range outside the above range. 
[0091] 



34 



As described above, a liquid crystal display device according to the present 
invention has, in addition to the above-described structure, a structure in which the 
circularly polarizing means is a selective reflection layer which is installed on the 
incoming light side of the liquid crystal layer so that the circularly-polarized light in a 
predetermined optical rotation direction is allowed to be transmitted, and the circularly- 
polarized light in the opposite optical rotation direction is reflected. 
[0092] 

Since, in this structure, the circularly-polarized light in the optical rotation 
direction opposite to the predetermined direction is reflected at the selective reflection 
layer, it can be reused. It is different from a case in which such light is absorbed by a 
polarizer. As a result, it is possible to improve the light utilization efficiency, although 
approximately circularly-polarized light can be used to enter the liquid crystal layer. 
[0093] 

As described above, a liquid crystal display device according to the present 
invention has a structure equipped with a polarizer installed on the incident light side of 
the liquid crystal layer instead of a selective reflection layer, and a second retardation 
layer installed between the polarizer and liquid crystal layer, wherein the retardation in 
the in-plane direction is set to be a wavelength that is approximately 1/4 times that of the 
transmitted light. 
[0094] 

Since linearly-polarized light coming out of the polarizer is converted to 
approximately circularly-polarized light by the second retardation layer, also in this 
structure, it is possible to have approximately circularly-polarized light enter the liquid 
crystal layer. As a result, it is possible to secure high light utilization efficiency while 
maintaining a wide viewing angle, and realize the improvement of the contrast ratio and 
number of half tones. 
[0095] 

As described above, a liquid crystal display device according to the present 
invention has, in the above-described structure, a structure wherein the analyzer is 
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installed on one side of the liquid crystal layer, the polarizer is installed on the other side, 
the transmission axis of the analyzer is at 45° from the phase delay axis of the first 
retardation layer, and the transmission axis of the polarizer is at 45° from the phase delay 
axis of the second retardation layer. 
[0096] 

In this structure, since the transmission axis of the analyzer is at 45° from the 
phase delay axis of the first retardation layer, and the transmission axis of the polarizer is 
at 45° from the phase delay axis of the second retardation layer, it is possible to perform 
the conversion efficiently from linearly-polarized light to circularly-polarized light and vice 
versa. 
[0097] 

As described above, a liquid crystal display device according to the present 
invention has, in the above-described structure, a structure wherein the analyzer is 
installed on one side of the liquid crystal layer, the polarizer is installed on the other side, 
the first and second retardation layers are disposed so that one of the phase delay axes is 
perpendicular to the other, and the analyzer and polarizer are disposed so that one of the 
transmission axes is perpendicular to the other. 
[0098] 

In this structure, the first and second retardation layers are disposed so that one 
of the phase delay axes is perpendicular to the other. Therefore, the wavelength 
dispersions of the refractive index anisotropy both retardation layers have cancel each 
other. As a result, the analyzer absorbs a transmitted light in a wider wavelength range 
in a black display. By this, it is possible to realize a better black display. 
[0099] 

As described above, a liquid crystal display device according to the present 
invention has, in addition to each the above -described structures, a structure equipped 
with a viewing angle compensation layer installed between layers from the analyzer to 
polarizer, wherein the refractive index anisotropy is set so that a phase difference 
provided by the liquid crystal layer that changes depending on the tilting angle between 
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the direction normal to the first substrate and the viewing angle is cancelled out. 
[0100] 

In this structure, the phase difference provided by the liquid crystal layer 
depending on the titling angle of the viewing angle, is cancelled out by the viewing angle 
compensation layer. Accordinly, it is possible to restrain the viewing angle dependency, 
and realize a liquid crystal display device having a wider viewing angle with good contrast 
ratio. 

[SIMPLE EXPLANATION OF DRAWINGS] 

Fig. 1 illustrates one embodiment of the present invention wherein the principal 
structure of a liquid crystal display device at no voltage application is schematically 
shown; 

Fig. 2 is a schematic view of the principal structure of the above-described liquid 
crystal display at a voltage application; 

Fig. 3 is a perspective view of a pixel electrode, showing an example of structure 
of the liquid crystal cell of the above-described liquid crystal display device; 

Fig. 4 is a cross-sectional view in the a - a arrow direction, showing the 
neighborhood of the pixel electrode of the above-described liquid crystal cell; 

Fig. 5 is a plan view of a pixel electrode, showing another example of structure of 
the above-described liquid crystal cell; 

Fig. 6 is a view to explain the relationship between the alignment state of liquid 
crystal molecules at no voltage application as well as the phase delay axis of a X /4 plate, 
and the transmission axis of a polarizing plate, in the above-described liquid crystal 
display device; 

Fig. 7 is a view to explain the relationship between the alignment state of liquid 
crystal molecules at a voltage application as well as the phase delay axis of a X I A plate, 
and the transmission axis of a polarizing plate, in the above -described liquid crystal 
display device; 

Fig. 8 is a view to explain an example of display of the above-described liquid 
crystal display device; 
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Fig. 9 is a graph showing the transmission intensity of the above-described liquid 
crystal display device and the transmission intensity of a conventional liquid crystal 
display device; 

Fig. 10 is a graph showing the relationship between the retardation and the 
transmission rate of a X I A plate; 

Fig. 1 1 is a view explaining the relationship between the phase delay axis of a A/4 
plate and the transmission axis of a polarizing plate in a modified example of the above - 
described liquid crystal display device; 

Fig. 12 is a schematic view showing the principle structure of a liquid crystal 
display device which is a modified example of the above-described liquid crystal display 
device; 

Fig. 13 is a perspective view of a pixel electrode, showing still another structural 
example of the above -described liquid crystal cell; 

Fig. 14 is a perspective view of a pixel electrode, showing still another structural 
example of the above-described liquid crystal cell; 

Fig. 15 is a plan view of another structural example of the above-described liquid 
crystal cell in the neighborhood of a pixel electrode; 

Fig. 16 is a plan view of still another structural example of the above-described 
liquid crystal cell in the neighborhood of a pixel electrode; 

Fig. 17 illustrates another embodiment of the present invention wherein the 
principal structure of a liquid crystal display device is schematically shown; 

Fig. 18 is a schematic view of the principal structure of a conventional liquid 
crystal display device; and 

Fig. 19 is a view explaining an example of display of the above-described liquid 
crystal display device. 
[EXPLANATION OF SYMBOLS] 

1 • la- lg liquid crystal display device 

21a TFT substrate (first substrate) 

21b counter substrate (second substrate) 
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pixel electrode 
liquid crystal layer 

polarizing plate (polarizer; circularly polarizing means) 
polarizing plate (analyzer) 

y/4 plate (second retardation layer; circularly polarizing means) 
y/4 plate (first retardation layer) 

viewing angle compensation plate (viewing angle compensation 
selective compensation layer (circularly polarizing means) 
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[0 0 3 6] £feic, *.ll»iCf>5ffi| Q t;U2 l c 
m 3 {C^-fJ: 5 TFTSS2 1a;:»tt?>n 

Hg3 2 a;&SRtt*b*L-Ct*S. 3 2 (D^ffiH^, Sl4 

**WcLfcttltttlCtfi# J ^t-<49, 0EAJV2 1 c(D# 

^t, ififrtt?tti**t*^Elfii)'*-<5 0 fc*3, ±ie^gi33 2 
^n$Gft$tL/^WHK3 2 a hETFT*«2 1a h 

T'jJD 5 r & -c^hJc-e # S 0 
[0037] £fc, MxH ■r*trix^5^ : #</j:ofc 

H*fltffi3 l ofo^^3 2*r»Jt*:^tt? 
14, >V(B3 2W^«l«wEl^flllM*!^S9*9, HErPl^ 

tft3 1±JC**CD^»3 2*rR*t»^a* LV^ 0 ft 
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[0 0 3 8] -A\ Bl ^ji-T±fiil/4«2 3 a • 2 

A«#© 4 #<0 l ftfifcftS «t 5 icff^ 
9. ii*iWit->r-JLT4 5fl[O«**(ft4r*i-*B0»«)t 
£\ 2/4«23a (2 3 b) COig^tti^^ L X . 4 5 10 
SB 2 1 c^liKi-SW, X^^JlsM&WBLXmttffi 

6dft£itx\,*z>mftia^ m&M2 1 ciry-Y;* tm* 

$£±-tZ>„ Lf:^ot, ifl>*fr&«t, 1 c<T>y 

l/4ifi23a (23b) 

Sr. 4#*M jRJfta»&X?i-##a*Li\, 
[0 0 3 9] Sfc, ^m^flg^5^S/^yu2T 
M Mfe2 2a (2 2b) C0^i§#PAa (PA 
b) , Z/4S23a (23b) ««SL 

a (SLb) f± % H6i^t«l: 0teJjfalZ.&fe£ftX\,^ 20 
6„ AflcWt^tt^ Z/4fi2 3a(DlttiSLa(t B 
%fa2 2 a COjgilffcPAa k 4 5g^S5r^tJ: 5 
fi'd£H6 0 £7t, a./4*2 3 bO«tP#SLbii, _k 
fdiiffiftfiS L a*5j:tF»ai«il*Aa<OAflf*K*Lfc4: 
t^pJCAW::. (B*ffi2 2 b<7D3Sifl*PAb i: 4 5* 

j&s»fr»*fcEfilLri*5. 30 

[0040] £ <bc #sab««(cffi$«Ei*i«^isiR i 

"Cil Hi {^-f-J: OiC, J$iBi^-tv/U2COiS5ffiW9*><73 
^i'd£*lT^<5 0 **5, iaiCDW"Cfi, TFTSS2 1 
[0 0 4 1] |-.E«fiJcT*tt, ®^m^3 1 £|*|^L^ 
J:5t-, Sc B Dg2 1 c<Di&i&&*M\L ?tfflJ3 2£)|£o£ 

Jiix^V2— AWL*:*tt, (Httffi 2 2 a Sri* «K <Btt 
*^U/4g2 3 a (7)ig«#S L a MLX4 

s*a«#£ftSo sti:, m&mmffiytte. x/Am.2 

3 atraaii- S:iX, HfiftfcfctfcSftSo 

[0 0 4 2] riT, »S^MH Elft^W^Vff* 

,p R g2 i cii h3^e>JKftB2 i c^mm. 

[0 0 4 3] rOJMf*. 1/4&2 3 a LfcRffi 50 
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*r±, ***»*ii*b*:**-e}aE»JB2 i chilli 

U l/4tt2 3b-AW^5o Hfift*U/4ttt2 
3 b£ili&-f <5<b. attn«*tt, «**rtI*U/4« 
2 3 b ^llfltt S L b CM L X 4 5 i'ttio 

«*K2 2 b<oaa<*PAb^iex+*#w^Ei* 

S22b X*i»iR$H, 1 W\ «EE«IHJ;jp^ 

[0 0 4 4] rttic^LT, ±BSM^mil3 i ^fa^ 
MW\ H2*5J:r/BI7l^-#-Jc^^, i*4MXCffl«?|.ElBj 
/^2 i£r*l*, «ff*BJ*ll*i:ia«lJ:ffl*tt«^ICffcS 

[0 0 4 5] tt£RllPl»Htt, ^^-fMcDgfi 

iBj#i6j^asfbUT, »W«^*fi»EiRiu-ct^ 0 

[0 0 4 6] ^(Ojg*, tt*t/U2 1^Iii:A«tfi 

.M^X*ftj|»*Ift!cElSLrt^«^ft«««rl»t^T, 
#NbJB2 l igifift^VffiiiSr^x&r t*$-c#, 

r^fRM3tll ^/4ffi2 3 b Sriii§LT"b, «£EM 

ffigi?/U2 1 1/4*2 3 b &#L-C<B#tt2 2 b 
— ^^L^tLS^^p^> — <B*fi2 2 b*3Siia-C 
#^>o r^T% iB^«2 2bSrjSiSi"S<H*W**l WL 

ii2 i c^i^eiyi<7)A^^:ft#ti)o uy-c^ 
or, »fpB2 i c^PpAp^-s«jE^»JWur, ffi'fi^ 

[0047] ±flE«rtrri. ffi^ia 2 1 c tm^m^m 

M3ei-s^«tt^Mj&sv-<^wsA-mic«»Em 

[0048] s 1 8 i^i-fftil!i*3S*e« 1 0 1 

c ^»Wtt^«»EiS)r*«*r*>ort», IiH 2 
i c{2n&:j6<H*i^A*t$tt^«fiK<7)»-&}2:«. sa^^n^ 

♦O^SrO-A^r t^r#4v^r, aSE«*»TB¥*r» 
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b-C»iRa;h/CLS5- 

[0 0 4 9] 3 2oD^,L>teg^*^^, 

[0 0 5 0] rtlld^fLT, *J«fc?g«^»ja-Ctt, m 10 

[*|8tc^-rj:5l£, Jt9i3 2wM' 20 

&K<b, 7f.VM^P^t-^^^3 2 --3 2(D^miLW±(D 

X^S^^Mcom^<^^ o -H^>^tt*, [§19 
KaW" J: 9 fc, **jft^«6tr«ssaft*^« l cD&'i® 

1 0 1 (ommzstT 1 0 1 <t >9 t>Sr< ft v > itwmm 

te, #ffiiU«^3SBi -10 1 <75«J6W— ^WtDtttJE 30 

[0 0 5 1] ±3E-ci±, AJt»Hfi)t^^J; 

^/4g23a • 23b(7)!J * — >a 

>-^^fbl$i±^^^ N S^^i^ffi^iS^^e (5 5 On 40 

m) tc&rtzj&i&^&mfc (->^ti/- 
?yna«snt<v\ l^ot, ^/4«23a 

• 2 3b(OU^-f— 5 5 0 nmfti£(O*l: 
^LX, 1 3 5 nmT^M, *3S-C*> 9 , 9 5nmtt 
1^1 7 5 nm«rt<D«H-Cfc*ltf, ^.teRM*-? 
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[0 0 5 2] £ r^ts ±SEA/4ft(2 3 a • 2 3 b 

jfcfc'U -|5IC*i(7)l/4i2 3a • 2 3bTU ft 
Jft»»***:»c«<i-r^^JtUl^-c. MAS, X/ 
4fiZ2 3 a • 2 3 b £ L~£\ SiSlg^ft t iS^ffiS (5 
5 0nm) CDftlr^fLT. X-/ 4 <fc 5 (CfH 

^ttSffitCpp^Dfllff^rKjeLfci: Lr t>, 5 5 0 nm;$> 

[0 0 5 3] Lfc^oT. ^7-^t<S^^^\ 
f+#a»«>«HW30«*«)e>*ta»*^l±, Ml lic^-t-i: 

9 v te"3tet5 2 2a <£»iS>^# PAat 22b CO.^ 

iSWPAb ir^S^^Ol^^-fr, ^o, a/4ft23a 
OgtlWiS Laa/4^23 b OjgffiWl S L b £: ^31 
^^w|6:SS-fr3>b**S^9.^LV\ ft*3, iSil#PAa^}g 
tSWS L a k<Oft\S£^ *5J:^ SifflttP A b igffitt S 

[0054] sasas^«^««> 1 a -cfi, 

l/4!23a c7).@ffiWlS Laa/4ffi23 b COig^B 

J; f)JKt^jK*tttffl^aa*«:fl*tK2 2 b^®iRT* 

[0 0 5 5] ft^o N j^^/ / 4^23a • 23b^, 51^ 
(:S^5TO^A/4ffi*CiiaLt(,J:v>75S N ^>ft< 

[0 0 5 6] ^r^>T\ ±3&<DWfn*tti* m&j*<nm. 
M12 l c^fflitfcjfejfiSAW+a^frfcoi^rBlWL 

E^AW3te^*t»^J-'ff-^i"St>^0, W2 1 c 
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[0 0 5 7] Lfc^oT, tf^^faT-?)^^ hhb 
l\ 443, 0 1 2TK1:, — W£ LT, TFTlft'2 1a 

(Mi2i c36»b*4,iSi^«) tr, ^ 
JSffi h -5 ffifitffi 2 4^i L X ^ 

ttfc2 4*R*tSffiiKfc % TFT35ffi2 1 aCD^MRiJJcPUS 
t><0"Cttft<. »|6]X*R2 1 bO^MRiJ-Cfco-Ct <fcl^ 
U WSS2 ia«2i batfMWir. *jh.*WRrtTfc 

[0 0 5 8] ^fKW«*t*)ott, }R«fiffi2 4 
^cfcSffi+BS^fH^ #4fcAtt#{c#1-S{fcffi2££Me 

HMJitK fc&*5««IMTJlAftt = > MtSr 20 

[0 0 5 9] £ ±1£T13\ ^3 2{:J:ot, 

3 2 t? tc N pj^mi^ 3 1 i^^ftW^jS 3 
Tfc, 5 3£»^)WiBi^MW:, ^3 5©MI: 

ic, W+^Fp-e^+J:5^ u0f^ftT^ig3 5£*<L> 
[0060] s*:, 1 .IE-en, «a£fli*pi*ic. Ml 2 

[00 6 1] H l 4 fc*-J-«*3R«lfiiit i d T 

3 5 a ^IMi 3 1 CM^tltl Z<nm 

aK^4*J:9^EipJi-«o Jin «EBttPi»^*3V> 

T, ^fi 3 5a <7)W^^5fli, SSig 35a c?D#4®i-¥ 
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C0ffi.»^|fij^ffirtfiK» CtrfrPl, P2, P34fcttP 
4) t§L<Wo Lfc^oT, W3Kffl«Wu «*4B#<£> 
Effi>b"fatfSSiM£:&*2K 4o<7) K^>fVDlrD4i: 

[0 0 6 2] r^T% 4$>»l<tt-*Vl^ K> ^ >EIkIT' 
it, E|pj*|6jWBSrtti(c^lBAe*ttTV^ 0 Lfctfo 

AW«^T$)oTt), ±ffi#faP i^P4 £E»ffl 
)tcOi7"f^<?r^^S^4 5£fc#3 J; pi-Rfei-Sr i: 

[0 0 6 3] tci^ io«t5li:»eLfci LTfe, 
K^-T ^ino»Jf««B 1 2, B2 3, B3 4*fettB 

4 i . fc-SvMix U3RSffi3 1 cE> 5^. ^(Ox^^g 
*ETtt, ffiit^M<oEini^ffi^an j ^ , t*i'^T\ i&fa 

rics^i:^— »u aaati-ffittaBS'^Aar ^«t#& 

[0 0 6 4] ftttKlfctt, «E^««Ttt. **#T-M# 

x, wffito >i>*b<D&fa&ux<D'*7 

%>k s «»««©Ei6]iRllS^SBfb («») ITLI:^ 
"T\ »3fcxSir*3&t5Ernja*J^^ffi 

<toTfc*ft:i-So Lfci^ot, Er«tt«©*ft:tt, » 
MLM«rt<o#»»ttfc»fta*!JtTf44< , 4Mfe*«T 

[0 0 6 5] ^fc, xy^T'it ElMJi^ffi^ffittW 
{^^ft:LT^0, W**«3 l^**»;cIt^<T, M± 

A, ElpJ«fM*^*S-i-4!5^< , f6L&&*<om% 
*«^«ft: («») L^-t"V\ C(7)S£^^fl|cr)^{t:t>, 

[0 0 6 6] rtbl-^LT, +:551fc»«Ttt, X/4« 
2 3atCj:oT > K^-Y^Er6l<0}Rft"feyHcHiH 
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i*afct>ttfe1\ if^:y^r^^<, ^/jifl^oKv^SKfi 

[0 0 6 7] fr*^ W 1 4 <a0Mh***i£fll 1 d -CI*, 10 
ig3 5 a *r»(tr^^ K*^ ^EWSrSlftL-Cl^S 
^ Hi 5 1 eOJ;?*^ 

Krt-s^**^ »ihjk«2 i b^atrtjtBWct^ r«» 

p]ftfH3 3 6 • 3 7 <Dffift^faiZ.&tf Zmm-Z. dM$3 6 

icE£*xTl/*£ 0 iIiiW3 6 • 3 7fi s ^& 

3 5 • 3 5 a tetftmWilC l:BH*««3 1*5J:««- 20 

[0 0 6 8] ±ffi«5i"Ctt, iQjfflS3 6©5 ^fflSCa 
^OiS^LI (L2) -CiL HAiEffiOfiKOI '1)2 
(D3 - D4) O^i^^M^OJS^^ISi^jftoXiE 

(OK^yDl - D2 (D 3 • D 4 ) tC#'#J-C#£ c 

[0 0 6 9] roi^r^oxt), ^^c^<t3 

\Z S K * >f :^*JMSisJc B 1 3 • R2 4^f2) c * 30 
B 1 2 • D 3 4^ffftt5o Lfc^ot, flSigiir.McgE 

SRfltJMSittcB 13-B24-B12-B34 Cl^ttS 

aScdS, flaCtWSIWBtD 1 3 • B 2 4 
tt, W*.tf, TFTSS2 1 aJC«hfci-SAJI^feftS 

2 1 b^»^*bjxfca!>ti«*if, as)t*n5««fc«* 40 

^ ^Sl5L 1 • L 2^«>o*:tt£#BJjiD 1 2 • B 3 4 
[0 0 7 0] ^vu*- K>>f >E|p1<&SI5.#Stt^ 

i:xy y h*»ttTEitW>«L-ctJ:v\, 1*1 1 

6 fc;S+«*»*SEB i f -en, WBJ 3 ? 11-10 9 3 
9 l^«tdiettOiSft-t:^i:|nl«. *ffpl^«c2 1 b <D 



16 

»«5jciij|tLrftSftiiRi«ij»«3 s^nx\.^ 0 

[0 0 7 1 ] Sttflna-ctt, *J-rft3K« 2 1 b iDfttftD 5 

»S-ti:5S^«^s^^i», aSfti)^-M75Sfiii[tc:i£liu] 
i-So MlpJ*S2 l bo3Jffi<0 9*>* EftlMNiffi 
3 8©BlOiIWm ^ffi2lb}:ifi-S<(^ 

t n sdipi»j«i3R 3 8 tajutris^a «t 5 ft******-** 

Wt^fj: 9 k:, E|bJITj!H»* 3 8 (n#fflt£l»SiiHc*: 
S„ rftU: <fc *9 , Hi + ^»^)F7'Y>D1-D4 
^JT^T^^o ft:Jb\ WEB"?**, i«W©ffla:±, O^Sr 

3 4}C. y — ^^:8E^y — *ft5-*&3 3 KW>tf s 

So 

[0 0 7 2] flfcL, r^T^oTt), #K^^r>- 
«>«5JMB« (BBIb1#J»SS3 8BT««») T'(*. 

3 lJsitJ^SEtlRlfBWIB^EiBSrd, ElR]ffil0X3 8^^ 
y y HBSrWs i: Lfci:^, W P >d/2, *sJ;T//* 
Ws>d/2 tcgt)t^tiFX. -r ^ ^ y > a 

[0 0 7 3 ] l^ttCOS^T'^oTti, -^J^V^^ly 

«3 8|:^^, y*fe'2 2a (2 2b) (^iftlRttcD 
^■f^ n^r.n/l,) i^f p v o f;r ^ ^ y > 3 >^ 

[0 0 7 4] ^ttiC^J-Lr, *35JtJU«"Ctt, ^/U^K 
>>f ■^ElBl^*KSir;MrP]fl3)tS:A4tL"Ci'^o ^tuic 
J; «? s l£1ft!BPA#.(»^fe»»c^^ K^>f >Em<^*iUi 

Erpi»w«3 8^»i, v 5 ^^^ y^— > 3 >y-r 
iaffi<^i«^sK»a«^KBi 

[0 0 7 5] ^^J, *JUSi}»IR-Ctt> JK*ir^^— ffi|<5: 

BBicsttLr^aE^Eift-rsi:*^, m&mm\c, mm 
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[oo7 6] i>-fixco»^T-fcorts fcattttfcRHin 
[0077] w^^^^i^M^iaffn^fnj^ 

*lKl^4!aJc5^, Kifti>^M60BQrto*riM)* s »J» $ 10 
^ot, *>-5ttEE*H«JDLfc«tlB-e, frttiB^-T-MWE 
[0 0 7 8] tt'L, -wi^ ^iilSl^ **t««4* 

[0 0 7 9] SfiEffl^^Miiii^Wi:, TN 

(Twisted Nematic ) J&a^Wift-fe/U^lt^T, a£^CD 

3 0 Lt^ot, ffi-Bl[ElMl*r*"C, ^u^- K> >Elft 
*fctt»W««»El6JW?Kft*^^n«**AWi-*r 

s^o-C. *«lfe«<B<OJ:d^, R<B3te«:A*tLT\ If 9 

So 

[0080] ffl2<nmmMm) tz^x\ hsate 1 co 

IH]iCffl)fc*2 2 a*5J:t/A/4«2 3 a 5r|S*t^*^JC 
Ol^TSl93L*: 0 tw^>^, i*«2 2att, iSii#P 
Aatt^«»l3l»«rKl|J(-*-Sfc*, <l7tS2 2a^tjH 
AM»)^4 0%~6 0%trfpjpg$nr L 

[0081] rixfc»Lt, *Hi6Jg«g^«afS**^ so 
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itlgtU El 1 7 l^-f J: o tc, ±!SiMSP*t2 2a 
•23a Cft^SHM^t Lt, iB«ixtt«2 5 

ie*fM]tc^iHii-aRffl*f±Rlhr-rsr trio 

X.fc£, — WJ*7" y * / £ *'B ^ 
y**y^— fclc**»*rlHltU 

»KJK*rW2 5tt. -t^3»*iciot^ra«R*t«iSr* 

[0 0 8 2] ±iB«.S:<o}RiBi*^iSB 1 g Ttt, * 
7 4 Y 3 3&»bfflltL*:3fctt, S«R»Ji 2 5 «rj8iSi-5 

2 5"CJKlt*n. ^^7^3}^^ - 

r-c\ ^^>r h 3^R*jxfcn«*w— sisi^, 

**K*ttUi«SJR»*yj5SS« l g Tii, El i 
^KHl^<H*ffi2 2 atM$tltl^^^7^ h 

[0 0 8 3] 

map s n a WiFdS ^ , _bg£?ftia s m am f-E ^ nfc 
tts mfojjfanv ->h aifi%ff>ififi(rciiijf 

[0 0 8 4] &ftm^%fa<nfo&T<7F$m.\*., J^Jio 
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imj *)iRifi JB #ik it & axr v ^ s mtft *> 5 o 
[0 0 8 6] ±SE*«hK<oi«***Ke-ett, fl&Rfii* 

rWT A ^ £ S ft M >b " rfiJ t <D M h X - & L X I > ft l> 
WW. SK*^^ Sij§^:^&ti^^ i ?-x.6C^^T^ 10 

« m<o fun&KSE. l ^-r v > t n & -r > Eft a* suxfca 

ft i-.K*J*-e**o rco^* N K^«IMl 

[0 0 8 7] *»Wlw«SJSA*^Stttt, £X±CD£v 
{C s ±Umf&lzMZ-X. ±ftirHB)t#&«s 5 5 0 nm 

(StW^Stt, ^—7 ? -v'3 >7iJ, 5 5 0 n 

mCD|H64#(£> 1 {-CtSf^SttTV^*hlc-e*)So 
[0 0 8 8] ^a«j£-Cte, AIH<D«flS«a«*fciBl^5 

5 SOMlt^T , 5 £ (&T^1f 7 V * tfflHB Lie < 

[oo89] *Rmz&&mgk$i7f:mm*, £x±<dx 5 

i£s ±ft.m&iztoz_x* -blB^i teffl^Jel^rSirt^^ 30 

J#-r— >a^l4, 9 5nmHh, 17 5nmTO 

[0 0 9 0] ±S2«jJc-Cte % «tSd ? 5 5 0 n mCD^i-** 
LT, D T"*— >^ 9 5 nmgl, 1 7 5 nm£Jt 

W 5 $ o {STfc J: t/ga IrJ %U%<r> *c *> It £ ffl 
5 £ <?:>4G:TI3\ io%S*i:flix.?)ii5 a :ofeS, I 

^Sr^"t~5o 40 

[0 0 9 1] **Wtc«-5*J4*3^3SB«:, «±«o J: v 

a?*|pj*c*|Hli-SH«**rS»t"t'*» 
[0 0 9 2] aSIMMfcTtts ^^SJyft^tt^ft 
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[0093] *&mzffizmfa3t7rs!&m±, eukdj: o 
[0094] mtt&witirzwMmyt 

[0 0 9 5] ^K^c«SttA^3SKf±. J^JicoJ:5 

±sii^3t^^Sis*^^;ite«^e^ta*4^^4 
[0096] mmmdtxttL. ±tm)t^-<Dmmmtm^ 

[oo9 7] *Kw\z&zm£km')< : mm*, ^.-h^j: 5 

JiiBJBl*3J:t^«2ffitt»»tt, -ttt^tt^iBtHW 

[0098] ^mnf&xn, mi&£itm2GLttmm<» 

[0099] *ftWlz&Z>mM3%t7F§MW.te, M±<D±0 
[0100] ^ttflJj^T^tt, «fto«»*«^J:o"C, 
[01] SIJteJBJRSr^i-^^-C*)^, 
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(Dx-tbV) . wmw&*^numx&z> 0 
mm m m & ^ -r v m m x & z> 0 

ibiio] \/4M<r>v 7 s — i/* ist&T&mtnm 

[W12] KEjK**^aSB^aE»«l*^!-*-tw-T?*> 



[Hi 3] ifEf&iSi?;^ £ €> icfli otKh^M 
T2b«9, iH*««i&^1-*»18l2Tfcao 
[Hi 4] ±K»Jlir^<D*fcgU<0«j«ffJ*^-rt><0'e 

[l*l i 5 ] km&&*^<vi&<n^&W%^t><r>x& 

[Hi 6] ±ffi**-fe/WS6tcteoj»flt«*r*i-fcO 

[(Hi 8] a6*««r*i-fc«)Tf#)9, jR»«^KB«?if 
[Ell 9] iffi»S^SBco^^#dSr^-t"fift^0-C^ 

So 



2 1a 


TFT« (flit) 


2 1b 


at!*** (S2S&-) 


3 1 




2 1c 




2 2a 


(«3t^ ; P3«!3te#lfc) 


2 2b 




2 3a 




BO 




2 3b 




2 4 




2 5 


aSiKWJi <R«te*«t) 
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